Laser surface microtexturing techniques can improve the friction properties of materials by reducing the contact area and form heat affected zones (HAZ) by energy conduction in laser processing. HAZ has a significant effect on the surface friction properties in the friction zone. This paper focuses on the formation of HAZ on the surface of cemented carbide during laser processing micro-texture. Firstly, the principle of energy absorption, conversion and conduction in laser processing is analyzed. Then the finite element method is used to study the distribution of temperature field and its change with time. Then the laser processing of microtexture of cemented carbide is carried out by laser marking machine. In the experiment, the characteristics of HAZ on the surface of cemented carbide after laser processing were studied by ultra-depth microscope, EDS and SEM. The effects of different laser processing parameters on the size of HAZ were studied, and the changes of element content after laser processing were studied. At the same time, the morphology of HAZ microcracks was observed and the reasons for its formation were analyzed. The results show that the laser power is the main factor affecting the HAZ size, followed by the laser scanning speed and the number of scans. The content of Co after laser processing is highest near the center of the micro-texture, and decreases from the center to the edge. The thermal stress and stress concentration caused by the temperature gradient cause microcracks to form around and inside the microtexture. By selecting reasonable laser parameters, it has an important influence on the size, element content and microcrack formation of HAZ, and it is of great significance to improve the micro-texture properties of the processed cemented carbide.
INTRODUCTION
Cemented carbide is a kind of alloy material, which is made up of refractory metal compound WC and Co binder. Cemented carbide has many excellent properties, such as high hardness, wear resistance, good strength, toughness, and heat resistance, etc. It also has good chemical stability in a high temperature environment. Due to its excellent performance, it is used widely in tool materials especially for the tools processing hard materials. In order to further improve the surface properties of cemented carbide material, laser surface treating technique has become an important mean.
In recent years, there are many scholars who study microtexture cutting tools, among which laser processing is the most common method. Laser processing itself belongs to thermal processing. Laser ablation in cemented carbide materials will inevitably change its material properties, such as chemical elements, metallographic structure, residual stress and so on, which have an impact on the cutting performance of cutting tools. Therefore, at present, some scholars have studied the laser strengthening of cemented carbide surface and the mechanism of laser on cemented carbide, mainly from the following two aspects.
Changing the microstructure and mechanical properties of the laser heat treatment of YG8 cemented carbide and that results show that the tool service life after laser heat treatment is 20% higher than the tool without heat treatment, and the production efficiency and processing quality will be improved accordingly [1] . Laser cladding cemented carbide has high wear resistance by investigating the microstructure and wear properties of WC/Ni alloy after laser cladding [2] . High energy irradiation treating changes the surface hardness and wear resistance of alloying materials, experimental results show that TiC and TiB precipitate on the marten site. This kind of microstructure improves the hardness and wear resistance of the alloy surface [3] .
Karatas [4] and others have studied the laser treatment of cemented carbide tools. In this study, they used a laser to heat the surface of cemented carbide cutters. By studying the temperature field in the irradiation area, the temperature gradient is obtained and the cooling rate in the surface area is predicted. At the same time, the microstructures of laserheated surfaces were analyzed. The fracture toughness of laser-heated surfaces was measured by indentation test. It was found that Co and TiC melted during heating, because their thermal conductivity was lower than WC, higher cooling rate and surface temperature gradient resulted in higher thermal stress on laser-treated surfaces. The multi-directional cracks and tungsten nitride formed on the tool surface were observed and measured by XRD. Finally, it is concluded that the thermal integration of binder and carbide compounds on the surface of laser-processed tool surface is formed, which in turn improves the micro-structure of laser beam irradiation in this area.
Shan [5] firstly studied the experiment and application of laser surface strengthening of cemented carbide. Through the experiment of laser hardening treatment of cemented carbide cutting tools, he strongly proved that laser surface hardening treatment has a remarkable effect on improving the bending strength and wear resistance of cemented carbide products. Lu Dongsheng [6] studied the surface strengthening of cemented carbide by laser heat treatment. The conclusion was drawn that the mechanical properties of cemented carbide could be improved obviously by choosing reasonable laser quenching process parameters and blackening condition. The mechanism of the change of structure and properties of laser treated cemented carbide was discussed and analyzed. Urbina [7] carried out the experiment of ultrashort pulse laser ablation of cemented carbide, and carried out analysis and research. In this study, a systematic method is proposed. Firstly, the most significant variables affecting the target are searched and used to plan and design experiments. Secondly, considering the interaction between Beer-Lambert law and incubation effect, the laser ablation phenomena of existing materials are analyzed.
Except for experimental methods, many researchers adopt finite element methods to investigate the effect of laser processing on cemented carbide. The profile and depth on the surface of material under different laser parameters by finite element method, which provides basis of modified laser machining parameters such as laser energy density and wavelength for different material [8] [9] [10] [11] . The surface remelting treatment of electrics melting WC steel composite material DGW40 and DGW50 by CO2 laser was studied. Results show that the substrate surface microstructure is refining after laser treatment, and the micro hardness and wear resistance of the surface are better than the substrate itself [12] . The laser drilling thermodynamic model was established through the finite element method, and studied the influence of laser energy, pulse width and repetition frequency on the HAZ, and corresponding laser parameters were determined to get high processing efficiency and small HAZ [13] . Temperature field gradient near the laser weld zone is larger and the temperature exponentially increases and decays [14, 15] .
Through test of the micro-structure property of HAZ on substrate. Results show that the multiple remelting can effectively eliminate the quenching microstructure of HAZ, and multiple thermal cycling by remelting has large influence on the properties of HAZ especially the hardness [16] . The surface microstructure after laser processing become dense; the hardness increases, and the surface friction coefficient decreases compared to the untreated [17, 18] . Enthalpy method was used to calculate the relationship between temperature and micro cracks and pores were found on the laser ablation region [19] . Laser surface alloying of martensitic stainless steel for properties improvement by using the CO2 laser and it has the significant progress in improving the properties of martensitic stainless steel has been reported [20, 21] . The hardness of material such as various stainless steels had been improved through laser alloying by incorporating carbide and borides [22] [23] [24] [25] . Existing studies have focused on predicting the LSP introduced residual stress [26] [27] [28] [29] , but very limited work has given attention to further heat effect zone under laser processing.
Laser processing of micro-texture is widely used in many fields of manufacturing because of its high energy density, good processing controllability, fast processing speed and easy to achieve precision processing. Laser processing technology is also the most widely used method of cutting tool surface texture. From a technical point of view, although the laser beam is only irradiated and used as the surface layer of cemented carbide materials, due to the high energy density of the laser beam, there is also a decreasing radiation extension area under the surface. Therefore, when the volume of cemented carbide is small and many sides are irradiated, the bending strength of cemented carbide materials will be improved significantly. From the test data of cemented carbide samples and its practical application effect, laser surface strengthening technology is effective in optimizing the modification of cemented carbide materials, and has significant economic benefits. Most of the above research work is based on the application of laser processing cemented carbide technology, and there is no deeper theoretical and mechanism discussion.
In this paper, the interaction mechanism between laser and cemented carbide materials is deeply studied, and the formation mechanism of HAZ on the surface of cemented carbide during laser processing of micro-texture is studied. By analyzing the principle of energy absorption, conversion and transmission in laser processing, the temperature field distribution and its change with time in laser processing are designed by finite element method, and the distribution law of heat affected zone is obtained.
In summary, the finite element method is used to study the temperature field distribution of laser treated cemented carbide, and it is of great significance to study the influence of temperature distribution on the surface properties of cemented carbide materials. It is necessary to predict and control the reasonable laser parameters through the relationship between the laser parameters and the temperature field.
FINITE ELEMENT SIMULATION

LSP and heat flex model
In processing of laser shock, laser energy irradiates on surface of material, the main interaction includes energy absorption, conversion and conduction, and it is showed in Figure 1 . The simulation model was built by ANSYS and showed in Figure 2 . The physical parameters of cemented carbide are listed in Table 1 .
Figure 1. LSP model
In Figure 1 , the numeral "1" indicates an ablated region, the numeral "2" indicates a molten recast region, the numeral "3" indicates a heat affected zone, and the numeral "4" indicates an unaffected zone. The heat source of the laser beam mainly includes a point heat source and a surface heat source. The surface heat source is usually defined as a Gaussian heat source. The laser beam spot radius is assumed to be r, the laser beam irradiation area is πr 2 , and the laser beam power is P. The power density equation of the laser beam is as follows: 
Simulation results and discussion
When the laser power is 30W, the temperature field graph was showed in Figure 2 (c), according to physical parameter of cemented carbide in Table 1 , the melting temperature is 3050K， the gasification temperature is 6000K. After the laser treatment of the surface of the cemented carbide, ablation occurs at a temperature higher than 6000 K, and melting occurs at a temperature between 3050 K and 6000 K. Since the temperature of the phase change is about 1000 K, the heat affected zone (HAZ) temperature is defined as between 1000 K and 3050 K.
Following the Figure 3 , the temperature distribution along axis of x and y are showed. After laser irradiation, the temperature near the center of the point is higher than the boundary in the x direction due to vaporization, and the distance from the center decreases. The temperature of WC is about 6000K. When the temperature is higher than 6000K, some materials are ablated, and the phase transition of cemented carbide is about 1000K. When the temperature is higher than 1000K, HAZ is defined. During the simulation, the cycle time: n=1, laser scanning speed: v=100, laser spot radius: r=0.025 mm, laser wavelength: λ=1064 nm; The simulation results are shown in Figure 3 . Temperature distribution along X is shown in Figure 3 
Material and specimens
The fiber laser mark machine is used to machine microtextures with different sizes on the surface of cemented carbide by different laser processing parameters, including spot diameter, output power, scanning speed and processing times. The tool material used in the experiment is cemented carbide YG8. The micro-textures are made by laser near the main cutting edge on the rake face of cutting tool. The shape of micro-texture is circular with a certain depth. The size of HAZ was measured by the ultra-deep field microscope, and the surface morphology characteristics of the micro-textures were observed by SEM. The experimental equipment is shown in Figure 5 .
Figure 5. Schematic representation of micro-pits machining
Micro-pits texture can't be formed when the laser energy is very small, but a lot of micro crack appeared in the interior of laser spot, as shown in Figure 6 , the cycle time: n=1, laser scanning speed: v=100mm/s, laser spot radius: r=0.025 mm, laser wavelength: λ=1064nm, laser power: P=20 W; From Figure 7 (a), the area of laser spot processing is marked, the different location morphology are marked in interior of laser spot. Mark 1 and Mark 3 are located at the center of the spot, so the laser has the largest energy, the gap between the cracks is the largest; Mark 2 and Mark 4 are at the edge of the spot, the crack gap is small. 
Micro-pit measurements
The micro pits can be formed when laser energy is high enough. In this experiment, the laser spot diameter is 50 μm; the laser scanning speed is 100 mm/s; laser power is 30 W, 35 W, 40 W, 45 W respectively. The micro-pit-textures machined by laser on the surface of cemented carbide are shown in Figure 7 . Apparent HAZ can be seen around the micro-texture. The HAZ sizes of micro-pit-texture under different laser parameters are measured. When the laser power is small, the diameter of the micro hole is approximately equal to the laser spot diameter. When the laser power is greater than 40 W, the diameter of the micro hole is larger than the diameter of the laser spot. Hence, in order to ensure the machining accuracy of micro pits, it is not suitable to use larger power laser parameters, and the laser power should be kept between 30 W-40 W. 
ELEMENTS DISTRIBUTION AROUND OF MICRO-PIT
High temperatures are generated during laser processing of micro-textures in cemented carbides. However, high temperatures can cause various chemical reactions on the surface of cemented carbide tools, especially in the air. Since the heat affected zone is different due to the difference between the laser power and the number of scans, the temperature of the heat affected zone also changes, so that the heat affected zone undergoes different degrees of oxidation after the laser action. The main component of YG8 cemented carbide tool is composed of tungsten carbide and cobalt. Generally, tungsten carbide is stable under high temperature conditions and is not easy to react in air. When cobalt is heated in air to above 300 °C, oxidation occurs. The reaction produces CoO and Co3O4, but when the temperature is higher than 900 °C, the final product produced is only CoO. The change of element content in the HAZ was analyzed by scanning electron microscope (SEM), and the measurement position is shown in Figure 8 . It can be seen from Fig.8 that the oxidation content of Co is highest near the center of microtexture where the temperature is highest, and the oxidation degree of Co is also decline from the center to the edge as the decrease of temperature. The content of oxygen element also has the same tendency with Co element. Cobalt oxide is a compound that is unstable and cannot be in a free state. Therefore, cobalt oxide near the micro-texture may reduce the cutting performance of the tool.
CONCLUSIONS
In laser processing parameters, the main factors affecting the size of heat affected zone are laser power, laser scanning speed and scanning times. According to the importance, the order of influencing factors is: laser power>laser scanning speed>scanning times.
When the laser power is too small, only the surface of the material will be ablated, and micro-cracks will be formed on the surface of the material, so the micro-texture can not be processed. When the laser power is too high, it can not guarantee the processing accuracy of micro-pits, nor can it produce reasonable micro-texture. The most reasonable laser power chosen in this paper is 30-40 W.
Oxidation reaction occurs in the HAZ after laser processing. The content of Co is highest near the center of micro-texture and decline from the center to the edge. The content of oxygen element also has the same tendency with Co element.
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